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EXPLORATION FOR URANIUM~VANADIUM DEPOSITS IN THE BEAVER MESA AREA,

MESA COUNTY, COLORADO, AND GRAND COUNTY, UTAH
By L. J. Bicher
ABSTRACT

The U, S. Geological Survey explored the Beaver Mesa area from May 4,
1953, to October 30, 1954, with 212 diamond-drill holes that totaled
101,202 feet.

Sedimentary rocks of Mesozolc age are exposed in the Beaver Mesa area
and are, from oldest to youngest, the Morrison formation of Jurassic age,
the Burro Canyon formation of Early Cretaceous age, and the Dakota sand~
stone of Barly(?) and Late Cretaceous age.

All of the economically significant uranium-vanadium deposits are in
the lenticular sandstones within the upper one-half of the Salt Wash member
of the Morrison formation. The deposits consist of sandstone impregnated
and replaced by uranium- and vanadium-bearing minerals. The ore masses are
the thicker parts of the tabular, blanketlike uranium-vanadium deposits.

Yo persistent trends are apparent in these deposits.

The ore masses in the Beaver Mesa area range in sigze from a few tons
to several thousand tons. The ratio of uranium oxide to vanadium oxide is
about lt4 in the Beaver Mesa area as compared to an average oxide ratio of

136 in most of the deposits of the Uravan mineral belt.
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Guides to uranium-vanadium deposits in the Beaver Mesa area are:

1, The mudstone in contact with the sandstone is green or gray green.,

2. The sandstone contains thin discontinuous green mudstone lenses,
thin zones of green mudstone pebble conglomerate, and abundant fragments
and masses of carbonaceous material.

3. The sandstone is light gray or light brown and is medium fine to
medium grained, .

L, The sandstone contains limonite stain, limonite spots, or dis
seminated pyrite.

5. The ore masses generally occur in the thicker part of the sandstone.

Indicated and inferred reserves of Class I material discovered by the
U, 8. Geological Survey drilling total 34,245 short tons averaging 0.46
percent U3°8 and 1,89 percent V205. Inferred reserves discovered by private
drilling total 230,000 short tons averaging 0.30 percent U3°8 and 1.25
percent V205. Potential reserves totaling 100,000 short tons averaging
0.30 percent U3°8 and 1l.25 percent V205 are estimated for the Beaver Mesa .

area.
INTRODUCTION

The U. S. Geological Survey exploration of the Beaver Mesa area had a
two=fold purpose: (1) to search for new minable uranium~vanadium deposits
and (2) to obtain data for an appraisal of the potential uranium=vanadium
reserves of the Beaver Mesa area, The ground explored would not have been
drilled by private companies because of excessive depths and lack of nearby
deposits,
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The Bca@r M@g& area is about 6 miles southwest of Gateway, Mesa County,
Colo. (fig, l)} The area, comprising about 12 square miles, is roughly
rectangular, and is bounded on the north and east by the Dolores River, on
the south by John Brown Canyon, and on the west by Beaver Creek Ga;m’.fﬁ;
The explored part of the area includes parts of sscs. 1, 2, and 11, T. 50 N.,
R, 20 We; sec. 31, T, 51 N., R, 19 W.; secs. 14, 23, 24, 25, 26, 35, and 36,
T. 51 N., B, 20 W., New Mexico principal meridian, Mesa County, Cole.; and
sec. 33, T. 24 S,, R, 26 E. and secs. 4, 5, 8, 9, 16, 17, and 20, T. 25 S.,
R, 26 E., Salt Lake meridian, Grand County, Utah.

The altitude of the aresa ranges from 6,900 feet in the east-central
part to 7,900 feet in the southeastern part. The relief is generally slight
to modcrate; but several abrupt cliffs make access difficult locally. The
vegetation consists of pine, pinyen, and Jjuniper on rock outcrops and sage=-
brush and grasses on the alluvial flats, The climate is semiarid.

The Beaver Mesa area is accessible by 12 miles of Government access
road that connects with Colorado Highway 141 half a mile south of Gateway,
Colo. Numerous truck trails connect important par-ts of the arsa.

The uranium-vanadium deposits discovered by U. S. Geological Survey
drilling are in the central and east-central part of the Beaver Mesa area.
All of the deposits are on claimed ground. Production of the mines in the
Beaver Mesa area, through December 1955, totals about 55,000 short tons of

ore averaging 0.43 percent Us0g and 1.76 percent Vs05 (table 1),
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This report summarizes the results of the U, S. Geologlcal Survey
exploration and contains a brief deseription of the geology and the
uranium-vanadium deposits of the Beaver Mesa area. The exploration was
done on behalf of the Division of Raw Materials of the U, S. Atomic Energy

Commission,
GEOLOGY

Sedimentary rocks of Mesozolc age are exposed in the Beaver Mesa area.
These rocks are, from oldest to youngest, the Morrison formation of Juras-
sic age, the Burro Canyon formation of Early Cretaceous age, and the Dakota
sandstone of Barly(?) and Late Cretaceous age (fig. 2). The stratigraphy
of the Morrison and related formations has been discussed in detail by
Craig and others (1955). Older Mesozoic and Paleozoic sedimentary rocks
and Precambrian igneous and metamorphic rocks are exposed to the east and
have been discussed previously (Cater, 1955).

The rocks in the Beaver Mesa area dip at low angles (5° maximum) in a
northeasterly direction toward the axes of the Sagar's Wash (Dane, 1935)
and Dolores (Cater, 1955) synclines. Mapping and exploratory drilling dis-
closed that Lumsden Canyon, which transects the major uranium-vanadium pro=
ducing part of the Beaver Mesa area, developed along a vertical fault zone
(fige 3)¢ The fault zone strikes N, 70°-80° E,, and beds have besn dis-

placed as much as 90 feet,
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All of the significant uranium-vanadium deposits found in the Beaver
Mesa area are lenticular sandstones in the upper half of the Salt Wash member
of the Morrison formation. The sandstones are light red, light gray, or
1ight brown and are medium fine to medium grained,

The mudstone in contact with the sandstones is generally red. However,
in the vicinity of waniuﬁ-vmaﬁmm deposits the mudstone in contact with
the sandstones is gray green. Although the reason for the difference in
color is not fully understood, the gray-green mudstone in contact with the
sandstones is a useful target for exploration because it extends some dis-
tance beyond the limits of the uranium-vanadium deposit,

A general discussion of the geology and habits of the uranium and
vanadium deposits of southwestern Colorado is given by Fischer (1942), 4
description of the "Uravan mineral belt," an elongate strip in which the de-
posits are larger and of higher grade than in other areas, is given by
Tischer and Hilpert (1952)., This Ymineral belt" extends westward across
Beaver Mesa, and all of the significant uranium-vanadium deposits a:fe within

its boundaries,
URANIUM=VANADIUM DEPOSITS

The uranium=vanadium deposits in the Beaver Mesa area consist pre-
dominantly of sandstone impregnated and replaced by uranium- and vanadium=
bearing minerals., Also thin mudstone seams, beds of mudstone pebbles, and
zones of carbonaceous ma‘teria.l are commonly the sites of rich concentrations
of uranium~ and vanadium-bearing minerals, The significant uranium=vanadium
deposits in the Beaver Mesa area are of the unoxidized (or only partially
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oxidized) uranium-vanadium type, commonly called "black ores® (Wseks and
Thompson, 1954), The principal ore minerals are the uranium~bearing minerals
uraninite and coffinite and the vanadium~bearing minerals montroseite,
doloresite, and lumsdenite,

The uranium-vanadium deposits are tabular or lens-shaped masses that
are generally parallel to the bedding in the sm&ton@ but may cross cub
bedding in detail., The uranium-vanadium deposit consists of several ore
masges connected by thin seams of mineralized material, The ore masses are
the thicker parts of the blanketlike mass, No persistent trends are apparent
in the wranium-vanadium deposits, but several of the ore masses exhibit a
northeast elongation. Also, minsralized fossil logs within the wranium-
vanadium deposits have a northeast orientation.

The ore masses in the Beaver Mesa area range in size from a few tons
to several thousand tons, They are irregular in outline and range in areal
extent :t‘rqm a few hundred square feet to several thousand square feet.

The ratio of uranium oxide to vanadium oxide in most of the uranium-vanadium
deposits in the Morrison formation in the Uravan mineral belt is about 136,
However, production records and assay data from diamond-drill holes indicate

the oxide ratio is about 1li4 in the Beaver Mesa area,.
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GUIIES TO URANIUM-VANADIUM DEPOSITS

Certain geologic features are commonly associated with uraniume-
vanadium deposits. The importance of these features as guides to ore has
been studied by Weir (1952). The guides that are used in the Beaver Mesa
area are modified versions of those presented by Weir., No single geologic
feature can be used to defins ground as favorable or unfavorable for the .
oceurrence of uranium~vanadium deposits, but a reasonably accurate delimie
tation can be made by evaluating all the various geologic features.

Surface and subsurface geologic data indicate that the following geo-~
logic features are associated with known uraniumevanadium deposits in the
Beaver Mesa area and are useful as guides to ores

1, The mudstone in contact with the sandstone is green or gray green.

2. The sandstone contains thin discontimwous green mudstone lenses,
thin zones of green mudstone pebble conglomerate, and abundant fragments
and masses of carbonaceous material,

3. The sandstone is light gray or light brown and is medium fine to
nedium grained,

L4, The sandstone contains limonite stain, limonite spots, or dis-
seminated pyrite. Many specimens of drill core show pyrite partly oxidized
t0o limonite.

5. The ore masses occur in the thicker part of the sandstone, Howe .
ever, the ore masses do not exhibit any detalled relationship to the thick=-

|
S
K

ness of the sandstone,
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Several other features wers evaluated in an effort to develop addi-
tional guides for exploration. These were: gamma-ray values at the con-
tact of the sandstone with the underlying mudstone, maximum gamma~-ray
values within the sandstone, structure contour maps, variations in thick-
ness of the sandstone units, variations in thickness of the underlying 7
green mudstone, and trends of major sandstone units, Of these, the most
useful was the relatively high gamma~ray anomaly at the base of the sand-
stones This anomaly was found in the vicinity of uranium~vanadium deposits
and offered a larger target than the uranium-vanadium deposits because it

extended beyond the limits of mineralized material,
U. S. GEOLOGICAL SURVEY EXPLORATION

U. 8. Geological Survey exploration in the Beaver Mesa area started
on May 4, 1953, and was completed October 30, 1954, During the peried,
212 diamond-drill holes were completed on two separate contracts for a total
of 101,202 feet, of which 31,074 feet were core drilled. The core recovery
averaged 93 percent. The average depth of holes drilled was 477 feet.

Of the 212 holes drilled, 71 penetrated mineralized material (material
containing 0.020 percent or mors Usz0g and/or 0,10 percent or more Vp0s, bub
less than 0.10 percent U30g and/or 1.0 percent V205 or less than 1.0 foot
thick regardless of grade), and 20 penetrated mineralized material that
is in the highest reserve class used in this report (material 1,0 foot or
more thick and containing 0.10 percent or more Us0g and/or 1.0 percent or

more Vo0 5). A1l of the holes were drilled on claimed ground.
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Approximat ely 40 percent of the footage was utilized in widely spaced
holes, 1,000 to 3,000 feet apart, to obtain geologic information that would
be useful in the search for uranium-vanadium deposits, and to determine the
location and general trend of favorable ground in unexplored areas.
Approximately 50 percent of the footage was utilized in moderately spaced
holes, 200 to 500 feet apart, to search for uranium-vanadium deposits in
geologically favorable ground, A4bout 10 percent of the footage was utilized
in closely spaced holes, less than 200 feet apart, to better define the size
and configuration of some uranium~vanadium deposits discovered by wider

spaced drilling,

RESERVES

The terms Yindicated® and "inferred" reserves are applied to the uranium=
and vanadium-bearing material in the deposit{s that are known from exposures
in outerops, mine workings, or drill holes. The method used in calculating
the reserves is explained below. Figures expressing the calculated tonnage
and grade of the indicated and inferred reserves for each reserve block are
given in table 1. The ground containing the reserve blocks is shown in
figures 3 and 4. Several geologic sections showing the position of the
mineralized rock in the ground is shown in figure 4,

In addition to the known deposits, other deposits ars probably present
vhich have not yet been found, These deposits are predicted solely on
interpretation of geologic evidence, for there is no physical proof of their
existence. The term ¥potential' reserves is applied to the material in

these deposits, Potential reserves are described on page 2k,
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Al though ressrves are not classified in this report according to
their availability for mining, consideration was given to the 1955 mining
and milling practices in sslecting the thickness and grade. This was done
to obtain figures for a category of reserves that would express as nearly
as possible the tonnage and grade of the matsrial that might actually be
mined from these deposits under 1955 conditions, A summary of indicated
and inferred reserves in this category is given in table 2, A detailed

breakdown of reserves by grade and thickness cutoffs and by block number

is given in table 3.

Indicated and inferred ressrves
Definitions

Known reserves are classed as indicated and inferred. Owing to the
srratic variations in thickness and grade of uwranium-vanadivm within short
distances and the general lack of abundant sample data for individual re-
serve blocks, the amount of ressrves that can be calculated within a small
limit of error, and tlms can be classed as "measured," is so small as to be
nearly negligible. Therefore, reserves that might be classed as measured

are included with indicated rsserves,

OFFICIAL USE ONLY



OFFICIAL USE ORLY

? . 18

Table 2.--Summary of indicated and inferred reserves 1 foot or more thick,

Beaver Mesa area, Mesa County, Colo., and Grand County, Utah.

Grade Short Percent Pounds-/

Reserves

0.10 percent

U308 or 1.0 6,982 0.50} 1.35 70,175 188,475

percent V205

0.05 percent

Indicated

U30g or 0.50 6,982 0.50| 1.35 | 70,175 188,475

percent V205

0.10 percent
’ U30g or 1.05 27,263 0.45 | 2.02 |247,200 1,105,600

percent V205

0.05 percent

Inferred

U308 or 0.50 27,792 0.k5 | 2.02 |248,150 1,111,575

percent V205

—/ Figures rounded to nearest 25 pounds.
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Table 3.--Detailed summsry of indicated and inferred mnemr/ 1 foot or more thick,

Beaver Mesa area, Mesa County, Colo., and Grend County, Utah.

(based on U. 8. Geological Survey drilling, 1953-5u)

INDICATED

INFERRED

Grade cutoff 0.10
percent 0308 or

1.0 percent V205

Grade cutoff 0.05
percent 0308 or
0.50 percent V205

Grade cutoff 0.10
percent 0308 or
1.0 percent V205

Grade cutoff 0.05
percent 0308 or

0.50 percent V205

12

Block iocation Short Percent Short Percent Short Percent Short Percent
Fo. (claims) tons | Us0g | V,05 | toms | Uj0g | V05 | tons 0308 Vo0 | toms | UJ0g | V505
A la Sal Fo. T

JW.L. Frac. Ho. 1 869 | 0.54 | 2.15 89 | o.5k | 2.15 | 4,880 |o0.5% |2.15 | 4,880 | 0.54 {2.15
B Lot No. 1, sec. 35 4,346 | 0.58 | 1.03 | %,346 | 0.58 | 1.03 | 7,438 |0.58 [1.03 ]| T,k92 | 0.58 |1.03
C Thoraton 1,304 | 0,27 | 1.2 | 1,304 | 0.27 | 1.2 | 4,075 | 0.3 |1.61 | 4,102 |0.31 |1.81
D La Sal No. 25 673 | 0.11 | 1.27 673 | 0.11 |1.27
E Bonanza No. 1 729 | 0.18 | 4.88 729 | 0.18 |4.88
F Ia 8al Nos. 31-32

Bonanza Fos. 5 and T 463 ] 0.3 [ 2.65 463 | 0.36 | 2.65 | 2,062 |0.30 | 2.63 | 2,062 | 0.30 |2.63
G Pack Rat Nos. 1.2 842 | 0.06 |1.14 82 | 0.06 |1.1k
B Curecanti 1,178 | 0.31 j0.63 | 1,178 | 0.31 [0.63
I Ila Sal No. b

Rajah Fo. 1 1,96% | 0.18 | 1.52 1,94 | 0.18 |[1.52
J Rajah No. 13 1,515 | 0.60 |5.83 | 1,515 | 0.60 |5.83
K Lost Dutchman No. 8-/ 1,178 | 1.00 [ 3.39 | 1,384 | 0.87 [2.81
L Rajah No, 28 729 | 0.69 | 3.18 729 | 0.69 |3.18
BV-39A 27 | 0.08 [0.73
BV-139 52 | 0.07 |0.b3
BV-1k2 38 | 0.13 |o.0b
BV-151 61 }0.07 |o.11
BV-156 3 | o0.07 {0.32
BV-161 34 | 0.05 {0.32

Totals 6,982 | 0.50 {1.35 | 6,982 | 0.50 |1.35 | 27,263 | 0.5 | 2.02 | 27,792 | 0.k5 |2.02

-/ Assay values have been decreased from %,70 percent U3°8 and 15.91 percent V205 to

obtain more realistic figures for contained "308 and Vaos.
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Indicated reserves _/ are those for which the grade is computed from
drill-hole samples and for which the tonnage is computed by projections
for a reasonable distance on geologic evidence from drill holes. Inferred
reserves are those for which quantitative estimates are based largely on
broad knowledge of the geologic character of the deposits and for which
there are few, if any, samples or measurements,

Because of the variations in thicknees and grade of ore and the
scarcity of sample data, the indicated reserves in any single reserve block.
might actually amount to as much 55 twice the calculated tonnage or as little
as one-half the calculated tonnage, The limit of error of the total tonnage
for several blocks, however, is apt to be considerably lower, perhaps no%

' more than 25 percent of the calculated tonnage., For this reason indicated
reserves are not computed for single holes in reserve-grade material that
have not been offset or cannot be comnected with known deposits or mine
workings, The limit of error in the tonnage figures for inferred reserves
is apt to be higher than for indicated reserves, The possible limit of
error in the calculated or estimated grade for both indicated and inferred
reserves probably is somewbat smaller than the possible limit of error in

the tonnage figures,

_/ The definitions used here for indicated and inferred reserves are
abstracted from the definitions adopted by the U, S, Bureau of Mines and

’ the U. S. Geological Survey in April 1943,
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Thickness cutoff

Although mining practices wvary throughout the region as well as with
individual operators, under 1955 mining conditions most ore bodies of aver—
age grade are being mined to where they thin to a layer about 1 foot thick.
Layers of material less than 1 foot thick are mined in places if the grade
is high. The tonnage of minable material less than 1 foot thick iz small
with respect to the total reserves and for that reason reserves less than

1 foot thick are not calculated,
Grade cutoff

The deposits contain two metals of economic importance, uranium and
vanadium. The oxides of these metals, U30g and V205, occur in an average
ratio of about 134 as estimated from the assays of the U. S. Geological
Survey drill core from the Beaver Mesa area. Within the deposits, however,
the two metals are so erratically distributed that a single sample, such as
that ob'bained from a drill hole, is not necessarily representative of the
metal ratio or grade of the material near the point sampled. Knowing this
by experience, the miner will drive toward a drill hole that shows a good
value in vanadium, even though the uranium content of the sample might be
negligible, Thus the material in the vicinity of this sample must be
classed as a reserve, even though the sample shows a value for only one
metal. Furthermore, with the 1951 price schedules (U, S, Atomic Energy
Commission, 1951) for ore, the vanadium content of are containing the normal
oxide ratio (134) constitutes about one-fifth of the market value of the
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ore. Thus both metals must be considered in reserve appraisals and in
selecting grade cutoffs,

Reserves 1 foot or more thick are classified by two grade cutoffs,
The higher cutoff—0,10 percent U3°8 or 1,00 percent Vzosmcorruponds to
the U, S, Atomic Energy Commission purchase cutoff for uranium and the
commonly used mill cutoff for vanadium, Reserves are figured also on a
lower cutoff--0.05 percent Us0g or 0.50 percent V05~-on the pessibility
that conditions in the future might demand or permit the mills to accept

lower grade ore.
Calculation of tonnage

The method used for calculating the volume, and hence the tonnage,
of a reserve unit 1 foot or more thick is based upon the premise that
the reserve unit is a uniformly tapered mass, The average thickness of
the drill-hole samples that can be combined within the specified grade
class is assumed to be the average thickmess of the reserve unit,

By definition, the tonnage of the indicated reserves is computed by
projection for a reasonable distance on geologic evidence, In some places
in the Beaver Mesa area, indicated reserves are projected where correlation
of samples is good between drill holes that are not more than 100 feet
apart. On the other hand, indicated reserves are not projected more than
25 feet beyond sample points, where the edge of the deposit has not been
located or where correlation of data betweén sample polnts is lacking.

Reserves are classed as inferred rather than indicated if the projection
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exceeds these lengths, Inferred reserves are projected to the assumed
limite of the deposits, as determined by geologic evidence and interpre-
$ation,

A constant of 14 cubic feet per short ton 1s used to calculate

tonnage,
Calculation of grade

The average grade of the indicated reserves is calculated by weighting
the assay values of all samples that qualify as reserves within the grade
and thickness limits, As strict grade cutoffs are used, it is generally
expected that the average grade assigned to the reserve blocks will be
somewhat higher than the average grade of the ore that will be eventually
mined from them, owing to the unavoidable dilution of the ore with waste and
low-grade material during mining, On the other hand, the tonnage assigned
to these blocks should be somewhat lower than the tonnage mined from them,

owing to the increment of waste and low-grade material,
Reserve blocks

Masses or units of mineralized rock that constitute an indicated or
inferred reserve, as defined by the thickness and grade cutoffs, are called
reserve blocks, The geometric limits of reserve blocks are determined by
the rules used in calculating reserves (see above). The exact positions
of the blocks are not shown on figures 3 and 4 though the uranium-vanadium
bsaring ground that contains the blocks is designated by block numbers,

Vhere mineralized layers overlap, even though they contain two or more
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masses of reserves, a single block mumber is assigned, and the total tonnage
of these masses, as well as thelr weighted grade, is shown on table 2. In
addition, private drilling has discovered 230,000 short tons averaging 0,30

percent U30g and 1.25 percent Vp0s.
Potential reserves

Potential reserves are estimates of the amount of reserve material
that is probably present in deposits that have not been discovered to date,
but whose presence is predicted on the basis of geologic reasoning, About
100,000 short tons of potential reserves are predicted for the Beaver Mesa
area., These reserve masses are 1 foot or more thick and probably contain
about 0430 percent U3;0g and about 1.25 percent v205. Approximately one-
half of these potential reserves probably are contained in deposits ranging
from 1,000 to 5,000 short tons in the vicinity of the Iumsden group of
mines, The remaining potential reserves are probably contained in small de-
posits, less than 1,000 short tons, throughout the favorable and mineralized
areas in the centiral and east~centiral part of the Beaver Mesa area. Blocks
D and £ (fig. 3 and table 3) are typical examples of these small reserve

masses,
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PLANS AND RECOMMENDATIONS

No additional exploration is planned by the U, 8, Geological Survey
for the Beaver Mesa area. Because of excessive depth to the ore-bearing
strata, exploratory drif¢ing and underground drilling would probably be
a less expensive method of developing additional reserves, However, several
large favorable and mineralized areas in parts of secs, 25 and 36, T. 51 N.,
R, 20 W., and part of sec. 1, T, 50 N., R, 20 W., New Mexico principal
meridian, Mesa County, Colo. need additional exploratory drilling (fig. 3).
This drilling, if it cannot be supported by private capital, might meri%

Government participation,
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